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INTRODUCTION:  Pseudoaneurysms  occur  when  there  is  a partial  disruption  in  the  wall  of a blood  vessel,
causing  a hematoma  that is  either  contained  by  the  vessel  adventitia  or the  perivascular  soft  tissue.
PRESENTATION  OF  CASE:  A  32-year-old  male  presented  to  the  emergency  department  presented  with
comminuted  fractures  in  the  left  zygoma,  ethmoids,  and  the  right  ramus  of the  mandible  following  a
gunshot  wound.  The  patient  underwent  open  reduction  of  his  fractures  and the  patient  was  discharged
on  the  eighth  day  after  the  trauma.  Thirteen  days  after  the  discharge  and  21  days  after  the  gunshot  wound,
the patient  returned  to the  ER  due  to heavy  nasopharyngeal  bleeding  that  compromised  the  patency  of  the
patient’s  airways  and  caused  hemodynamic  instability.  Arteriography  of  the  facial  blood  vessels  revealed
a  pseudoaneurysm  of  the maxillary  artery.  Endovascular  embolization  with  a synthetic  embolic  agent
resulted  in  adequate  hemostasis,  and  nine  days  after  embolization  the  patient  was  discharged.
DISCUSSION:  The  diagnosis  of  pseudoaneurysm  is suggested  by  history  and  physical  examination,  and
conﬁrmed  by  one  of several  imaging  methods,  such  as  CT scan with  contrast.  Progressive  enlargement
of  the  lesion  may  lead to several  complications,  including  rupture  of  the  aneurysm  and  hemorrhage,
compression  of  adjacent  nerves,  or release  of  embolic  thrombi.
CONCLUSION:  This  case  reports  the  long-term  follow  up and natural  history  of  a patient  with  a  post-
traumatic  pseudoaneurysm  of  the  internal  maxillary  artery  and  the  successful  use of endovascular
embolization  to treat  the lesion.
© 2016  The  Authors.  Published  by Elsevier  Ltd.  on  behalf  of  IJS Publishing  Group  Ltd.  This is  an  open
he  CCaccess  article  under  t
. Introduction
Pseudoaneurysms occur when there is a partial disruption in the
all of a blood vessel, causing a hematoma that is either contained
y the vessel adventitia or the perivascular soft tissue. The risk of
upture of a pseudoaneurysm is much higher than that of a true
neurysm, as there is less support from the vessel wall. They may  be
ormed in proximity to, or at the site of, post-traumatic damage to
rterial walls. They can be difﬁcult to diagnose, especially when the
ompromised blood vessel obscures the defect. This paper presents
he case of a patient with a diagnosis of a pseudoaneurysm of the
axillary artery following facial trauma, with recurrent bleeding
fter orthognathic surgery 6 years after the trauma, and long-term
ollow up.∗ Corresponding author at: Avenida Doutor Arnaldo, 455, Sao Paulo 01246 904,
P,  Brazil.
E-mail address: nivalonso@gmail.com (N. Alonso).
ttp://dx.doi.org/10.1016/j.ijscr.2016.02.022
210-2612/© 2016 The Authors. Published by Elsevier Ltd. on behalf of IJS Publishing G
reativecommons.org/licenses/by-nc-nd/4.0/). BY-NC-ND  license  (http://creativecommons.org/licenses/by-nc-nd/4.0/).
2. Presentation of case
A 32-year-old gunshot wound victim was brought to the emer-
gency department at the Hospital das Clínicas, FMUSP (School
of Medicine, São Paulo University). The bullet entered the left
malar region in the mid-pupillary line, ﬁve millimeters above the
nasolabial fold, and exited via the right preauricular region, about
two millimeters in front of the lobule (Fig. 1a). The patient had no
signiﬁcant medical or surgical history. There was no active bleed-
ing, though the patient had a small amount of blood in the nostrils
and a swollen, ecchymotic hard palate. There were no sensory or
other neurologic deﬁcits. The patient’s heart rate was 93 beats per
minute and blood pressure was  150/80 mmHg. A CT angiogram of
the head and neck showed an Ozyazgan Type II-A fracture of the left
zygoma [1], as well as comminuted fractures of the ethmoids and
the right ramus of the mandible (Fig. 1b). The contrast study did not
reveal any damage to the large blood vessels. On the primary admis-
sion, the patient had a signiﬁcant episode of epistaxis that resulted
in a drop in hemoglobin from 11.0 g/dl to 6.6 g/dl. This required
treatment by anterior and posterior nasal packing and transfu-
sion of three units of packed red blood cells. After the bleeding
was controlled, maxilla-mandibular movement was restricted with
roup Ltd. This is an open access article under the CC BY-NC-ND license (http://
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Tig. 1. Preoperative images of the patient’s trauma including photographic (a), a th
f  the bullet in yellow and the area that developed the pseudoaneurysm in green (c
n Erich arch bar prior to an open surgical repair of the fractures.
dditional angiography showed no further evidence of bleeding
r damage to the large vessels. The patient was discharged on the
ighth day after the trauma.
Thirteen days after the discharge and 21days after the gunshot
ound, the patient returned to the ER due to heavy nasopha-
yngeal bleeding that compromised the patency of the patient’s
irways and caused hemodynamic instability. On admission, the
atient’s heart rate was 120 beats per minute and blood pres-
ure was 110/60 mmHg. On physical examination, swelling was
oted in the right preauricular region, near the exit wound of the
ullet. The patient underwent an urgent cricothyroidotomy and
emporary control of the bleeding was achieved via direct com-
ression on the palate at the focus of the bleeding. The patient’s
emoglobin concentration was 7.4 g/dl with a hematocrit of 23.6%.
fter deﬁnitive stabilization of the airway and hemodynamic sta-
ilization with 1000 ml  of normal saline solution and two  units of
acked red blood cells, arteriography of the facial blood vessels
as performed, which revealed a pseudoaneurysm of the maxillary
rtery (Fig. 2a). Selective catheterization of the maxillary artery and
mbolization by a synthetic embolic agent (Enbucrilate) resulted in
dequate hemostasis (Fig. 2b), and nine days after the embolization
he patient was discharged.
The patient returned 6 years following the trauma, for a LeFort
 osteotomy with a bilateral sagittal split osteotomy for maxillary
dvancement and correction of lateral deviation, due to a class III
alocclusion and an anterior open bite. The patient noted a new
iagnosis of hypertension controlled with 50 mg  of captopril twice
aily. The surgery was performed carefully and without complica-
ions. The patient’s post-operative course was uncomplicated, and
he patient was discharged in great condition on post-operative
ay 6. However, the patient returned to the emergency depart-
ent with a nosebleed on post-operative day 8. He was  bleeding
rofusely from his nose, and hypertensive to 160/90. There were
o signs of bleeding into his oropharynx on oroscopy. The patient
eceived anterior nasal packing and received an additional dose of
aptopril 50 mg  for his hypertension. No additional imaging was
erformed, as the patient was hemodynamically stable, showed
o hemostatic irregularities, and the bleeding was controlled with
asal packing. The patient was monitored carefully for the return
f any signiﬁcant bleeding, and was eventually discharged on post-
perative day 13. The patient was examined in the clinic 17 months
fter the orthognathic surgery and over 7 years after the trauma
ith good occlusion, no reoccurrence of nasal bleeding, and excel-
ent satisfaction with his surgery.
This case has been reported in line with the CARE criteria [2].
. DiscussionPseudoaneurysms, or traumatic aneurysms, are different from
rue aneurysms because they involve the disruption the inner layers
f an artery after blunt, penetrating or even surgical trauma [3–5].
hey also may  occur in disruptions of all three vascular layers, if theimensional projection of the CT scan (b), and a composite image showing the path
original hematoma is tamponaded by the surrounded soft tissue. In
penetrating trauma, as reported in this case, the usual mechanism
is high velocity maxillofacial trauma, in which bone or projectile
fragments lead to arterial laceration [5–8]. In several weeks, the
formed hematoma starts to liquefy in the center, producing a cavity
and that develops a pseudointima on the outer wall. As the process
evolves, the pseudoaneurysm starts to pulsate and enlarges pro-
gressively [3,4,7] .Pseudoaneurysms most commonly occur after
arterial catheterization, with the inadequate manual compression
as the most common etiology [9]. However, in craniofacial trauma,
where non-transecting arterial injuries may  not be evident on pri-
mary physical exam or vascular imaging, manual compression is
impossible. The three branches of the external carotid system most
vulnerable to pseudoaneurysms are the superﬁcial temporal, facial
and maxillary artery [6], and most pseudoaneurysms of the maxil-
lary artery develop on the terminal pterygopalatine segment [10].
The progressive enlargement of the lesion may lead to several
complications, including rupture of the aneurysm and hemorrhage
[3,11], compression of adjacent nerves [12], or release of embolic
thrombi [13].
The diagnosis is suggested by history and physical examination,
and conﬁrmed by one of several imaging methods, such as CT scan
with contrast. This imaging modality was recommended as it shows
anatomic details of vascular injuries with a high degree of deﬁ-
nition [14]. Another suggestion is the use of Doppler ultrasound
for lesions in which the vascular nature is unknown. Ultrasound is
advantageous for an initial screening because it is quick, involves
no radiation and is cost-effective.
All imaging methods that reveal a potential pseudoaneurysm
should be followed by angiography, to allow the visualization of the
vascular architecture. In this case, the angiography was not imme-
diately performed, because the anterior and posterior nose packing
were effective to stop the bleeding. Management by anterior nasal
packing is the correct emergency maneuver to be performed in
cases of post-operative hemorrhage following maxillary osteotomy
[15]. Additionally, the episode of bleeding following this patient’s
orthognathic surgery is unlikely to be a pseudoaneurysm. Post-
orthognathic bleeding is a relatively common complication [16],
while pseudoaneurysms are much rarer. This post-orthognathic
bleeding may  be caused by a tear in the mucosa or the internal
maxillary artery and terminal branches [15,17,18].
The initial treatment for life-threatening hemorrhages follow-
ing orthognathic surgery should include direct compression and
hemostasis followed by blood transfusion, if necessary, to stabilize
the patient. All patients should be counseled about the possibil-
ity of a post-operative bleed and should be instructed on how to
release the maxillo-mandibular ﬁxation to clear potential clots [15].
Once in the hospital, anterior and posterior nasal packs should be
placed for direct compression. In any circumstance where the air-
way is compromised, a tracheostomy should be considered [15].
Further diagnostic work-up should continue once the patient is
hemodynamically stable.
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[Fig. 2. Angiography of the pseudoaneurysm of the int
Small pseudoaneurysms can be treated with simple compres-
ion or ultrasound-guided thrombin or collagen injections, though
his may  be more difﬁcult and dangerous with pseudoaneurysms
f the facial vessels [19]. Emergent surgical ligation of the maxil-
ary artery has previously been performed, though it is difﬁcult and
neffective, particularly in cases of massive active bleeding [20].
nother possible management is an open surgical technique that
llows direct visualization of the lesion and its resection [6,21].
evertheless, endovascular embolization performed at the time of
ngiography has been used with increasing frequency for treat-
ent of pseudoaneurysms because it is safe, more selective, less
nvasive than the surgical procedure and it can be done under seda-
ion [22]. Yin showed the difﬁculty in achieving hemostasis because
f the need to perform multiple ligatures to reduce blood ﬂow
n the distal segment of the maxillary artery [23]. Several perma-
ent or temporary materials can be used in arterial embolization,
ncluding polyvinyl alcohol, Gelfoam, nickel-titanium coils and bal-
oons [21]. Embolic material can be introduced through the catheter
nto the maxillary artery and its terminal branches. It is essential
o use small embolic material, as the vascular occlusion should
e as distal as possible within the pseudoaneurysm, while pro-
ecting the parent vessel and healthy surrounding vessels [24]. A
ost-embolization angiography must be performed to verify the
ffectiveness of the treatment. However, surgical management of a
seudoaneurysm is still preferred in cases of a necrotic aneurysm,
apid enlargement, or in the case of failed embolization [25].
. Conclusion
This case reports the long-term follow up and natural history
f a patient with a post-traumatic pseudoaneurysm of the internal
axillary artery and the successful use of endovascular emboliza-
ion to treat the lesion.
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